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STUDY OBJECTIVES
Primary Objective
To perform a randomized controlled trial and determine the effects of a 7-day course of hydrocortisone as compared to placebo administered to ELBW infants at high risk for BPD. We hypothesize that the experimental treatment will result in an improved total cerebral tissue volume (total gray and white matter) comparable to 2 weeks in cerebral growth as measured by volumetric MRI at 38 weeks PMA.
Null Hypothesis: Among ELBW infants at high risk for BPD, randomization to seven days of hydrocortisone will result in a comparable total cerebral tissue volume as compared to infants randomized to placebo.
Secondary Objectives
To evaluate neurosensory outcomes at 18 to 22 months adjusted age of hydrocortisone and placebo treated infants and to correlate various regional and global cerebral volumes measured at discharge with such functional outcomes. Should steroid therapy result in measurable benefits in cerebral tissue volume and/or functional outcome(s), design and execution of a larger multicenter randomized trial would be an important objective of this proposed pilot study.
BACKGROUND
2.1
Rationale Neurosensory impairments remain prevalent in the ELBW population affecting close to 50% of survivors. 1, 2 Bronchopulmonary dysplasia, a chronic inflammatory lung disease of prematurity, is also common and develops in approximately 30% to 40% of all ELBW infants with a higher predilection for those with lower birth weights. 3 Extremely low birth weight infants with BPD are at a greater risk of neurosensory impairments as compared to comparable infants without BPD. Several cohort studies have clearly demonstrated significant neurologic abnormalities, including poor head growth, progressive neurologic deterioration, and evidence of global neuronal loss (at autopsy) associated with severe BPD. 4, 5, 6, 7, 8 Schmidt et al recently demonstrated from a large international cohort that BPD is an independent and important risk factor in ELBW infants for the prediction of long-term neurosensory impairments. This risk was comparable to the risk imposed by severe brain injury as evidenced by cranial ultrasonography. 2 The underlying genesis of neuronal toxicity seen in infants with BPD is likely multifactorial. Chronic intermittent episodes of hypoxia and poor postnatal nutrition and growth have been implicated in the adverse neurodevelopmental outcomes often seen in infants with BPD. 9 Moreover, inflammation beginning with intrauterine infection and further exacerbated by ventilation, oxygen, and postnatal sepsis, may play a direct role in brain injury. 10, 11 Prevention or amelioration of BPD would be expected to reduce the incidence of neurosensory impairments in ELBW infants.
Effective prevention of BPD has been elusive with the notable exception of postnatal administration of systemic corticosteroids, dexamethasone in particular. A 30-40% re-10/20/05 duction in the incidence of the disease is seen when dexamethasone is administered to at risk infants with evolving BPD. 12 While this reduction in BPD should expectedly improve neurologic outcomes, dexamethasone treated infants have unfortunately been shown to have an increased prevalence of cerebral palsy (CP) and other neurodevelopmental impairments, 12, 13 presumably because the direct neurotoxic effects of dexamethasone overshadow the indirect beneficial effect that reducing BPD might have. Metaanalyses of all randomized trials of steroids administered before 96 hours of life with neurological follow-up demonstrated a significant increased risk of CP (RR 1.69; 95% CI: 1.20, 2.38). 39 A critical analysis of all randomized trials of dexamethasone in human newborns suggests that neuronal toxicity may have been related to selection of the corticosteroid (i.e. dexamethasone), type of preservatives in the formulation (i.e. sulfites), inappropriately high dose selection, early postnatal use of steroids, and/or poor selection strategy of low risk patients .14,15,16
Choice of corticosteroid
The selection of dexamethasone over other synthetic corticosteroids for prevention trials of BPD appears to have been arbitrary. 17 Dexamethasone formulations used in North America and Europe contain sulfites as an additive; dexamethasone with sulfites has been shown to be neurotoxic in animal studies whereas preservative-free dexamethasone and betamethasone had no effect. 18, 19 A case-control study of 833 neonates also suggested that antenatal betamethasone, with a structure very similar to dexamethasone, reduced the incidence of cystic periventricular leukomalacia, whereas antenatal dexamethasone with sulfite additives appeared to increase its incidence. 20 Betamethasone has not been tested in preterm infants after birth possibly due to the short supply status of this synthetic corticosteroid. The use of methylprednisolone, a less potent corticosteroid, has been shown to have beneficial effects on pulmonary function with less glucose intolerance and reduced periventricular leukomalacia. 21 Effects on longterm neurodevelopmental status are unknown however.
Watterberg et al conducted a pilot randomized trial of hydrocortisone in physiologic replacement doses for presumed adrenal insufficiency (1 mg/kg/day: equivalent to 0.03 mg/kg/day of dexamethasone) in a small group of ELBW infants. Therapy for 12 days initiated soon after birth resulted in improved respiratory status and reduced risk of BPD defined by an O 2 need at 36 weeks. 22 A larger follow-up trial with planned neurologic assessments to test the effects of this same hydrocortisone regimen was halted prematurely due to an increased risk of intestinal perforations in the steroid arm of the trial. 23 This risk was seen almost exclusively in infants given hydrocortisone while being treated with indomethacin (most within <48 hours of life). A multi-center NICHD trial of dexamethasone was also prematurely halted due to an increased risk of intestinal perforation, again confined to selected patients treated with dexamethasone and indomethacin primarily in the first week of life. 24 The combination of indomethacin and dexamethasone has been shown to deplete endothelial and inducible nitric oxide synthase in the intestinal submucosa in vitro, thereby leading to diminished blood flow and intestinal perforation. 25 This combination of drugs therefore should be avoided. Other adverse effects commonly seen with dexamethasone were not seen with this less potent hydrocortisone formulation. Long-term effects of hydrocortisone need to be properly evaluated before routine use becomes common practice. Preliminary evidence from a case-control study suggests that hydrocortisone at doses of 5mg/kg/day prescribed for 22 days did not result in neurodevelopmental delay evaluated at 5 -7 years as compared to matched controls. 26 Relative adrenal insufficiency in the smallest of premature survivors has been 10/20/05 hypothesized as a potential factor contributing to the development of BPD. 27 If this was a significant contributor to BPD rates, the use of a more physiologic steroid such as hydrocortisone with its mineralocorticoid actions in addition to glucocorticoid effects and lack of sulfite preservatives would be more desirable.
Optimizing dose and duration of therapy
The appropriate dose and duration of dexamethasone selected for BPD prevention trials appears to have been arbitrary as well. 17 Most trials reporting adverse neurodevelopmental outcomes have used dexamethasone at doses of 0.5 mg/kg/day over 7 to 42 day tapering treatment periods. This dose represents 10 to 20 times daily basal cortisol production, 15 and is greater than 10 times the dose needed for maximal inhibition of interleukin-8 release and neutrophil migration in vitro 28 . Such high pharmacologic doses of dexamethasone have been postulated as causes of poor growth, aggravated glucose intolerance, hypertrophic cardiomyopathy, leukocytosis, and possibly diminished neutrophil function. 29, 30, 31, 32, 33 In a small non-randomized study of preterm infants by Murphy et al, 34 administration of dexamethasone at starting doses of 0.5 mg/kg/day for up to 42 days resulted in 30% smaller total cerebral volumes as compared to brains of untreated infants. This corresponds to a six-week delay in cerebral growth (using the developmental functions reported by Huppi et al 35 ). Specifically, the cerebral volume of a 40-week PMA dexamethasone treated newborn was comparable to that of a 34-week PMA newborn. It is unclear how much of this reduction in cerebral volume was a result of dexamethasone treatment and what percentage may have been a result of significant differences in the two study groups. In a somewhat larger cohort study performed by our group, with stricter attention to patient selection, masking, and controlling for confounders, we found a 10% significant reduction in total cerebral volume as assessed by volumetric MRI in dexamethasone treated infants (median duration 7 days) as compared to untreated ones. 36 More modest doses (0.10-0.20 mg/kg/day of dexamethasone or equivalent to 3-6 mg/kg/day of hydrocortisone) might be expected to provide adequate anti-inflammatory effects (2-4 times the basal secretion rate) with lower toxicity. Recent evidence suggests that a lower dose regimen (0.20 mg/kg/day dose of dexamethasone), administered for a short duration (7 days), may be equally effective on pulmonary inflammatory disease with a more favorable neurodevelopmental outcome. 37, 38 Optimizing the dose and duration of therapy necessary to adequately suppress inflammation while minimizing toxicity remains an important unanswered challenge.
Timing of therapy
The optimal age to initiate postnatal steroid therapy has not been established. As the disease process often begins in the perinatal period with intrauterine infection, use of mechanical ventilation and oxygen and resulting surge of inflammatory cytokines, earlier use of steroids may theoretically attenuate pulmonary inflammatory injury and minimize resulting fibrosis. Indeed, the relative risk of BPD is lower in studies using steroids at 7-14 days as compared to >21 days of age. 12 Early therapy in the first week of life also results in a better risk reduction as compared to later therapy. Cochrane meta-analyses of all early (<96 hours of life) 39 , moderately early (7-14 days) 40 , and delayed (> 3weeks) 41 corticosteroid treatment for the prevention of BPD however showed an increased risk of CP with early treatment only. Moderately early treatment in higher risk neonates does not appear to increase risk of cerebral palsy (RR 0.83, 95% CI: 0.39, 1.74).
40,42 10/20/05
In ELBW infants, the incidence of isolated intestinal perforation and patent ductus arteriosus necessitating indomethacin therapy is highest in the first week of life. As opposed to studies of early therapy and risk of intestinal perforation, administration of dexamethasone after 21 days of age does not appear to increase risk of intestinal perforation. Initiation between 7 and 14 days of age has shown no increase in necrotizing enterocolitis (another gastrointestinal disorder that may cause intestinal perforation and that may be related to or confused with spontaneous intestinal perforation); spontaneous intestinal perforation was not reported. In summary, these studies suggest that the gastrointestinal side effects of postnatal steroid treatment can be minimized by delaying treatment until after 7-10 days of age and by avoiding concomitant administration of steroids with indomethacin.
Target patient selection
Treatment of all extremely preterm infants soon after birth with postnatal preventive therapy exposes some infants at relatively low risk of BPD to adverse neurologic effects with minimal potential benefit. Delaying treatment until after the first week of life allows for a more accurate selection of infants at higher risk of developing BPD as predicted by their requirements for respiratory support after the first week of life. 43 In a NICHD Network steroid trial of infants less than 1500g BW with a respiratory index score (RIS; mean airway pressure x fraction of inspired oxygen) ≥ 2.4 at 10 days of age, 66% of these infants developed BPD, defined as the need for supplemental oxygen at 36 weeks PMA. 44 Infants at high risk of developing BPD are more likely to derive direct pulmonary benefit from steroid treatment and may derive indirect neurologic benefit if steroids decrease the ongoing hypoxia and inflammation associated with BPD.
A meta-regression of all dexamethasone trials with neurodevelopmental follow-up strongly suggests that control infants with the lowest risk of developing BPD (usually those treated early) are most likely to developed adverse effects of dexamethasone such as death or CP. Conversely, infants at the highest risk of developing BPD appear to have no increased risk for mortality or CP. 16 In fact, those infants at greater than 65% risk of developing BPD appeared to have a lower risk of death or developing CP.
2.2
Supporting Data
Recent joint recommendations from the American Academy of Pediatrics and Canadian Paediatric Society state that use of systemic dexamethasone and other alternative corticosteroids should be limited to carefully designed randomized trials and outside the context of such trials its use should be limited to "exceptional clinical situations" (i.e., an infant on maximal ventilator and oxygen support). 45 Since BPD remains prevalent in the ELBW population with limited proven therapies available, clinicians continue to use corticosteroids, although at a much reduced frequency and primarily in those infants at highest risk. 17, 46 Further research is urgently needed to identify less toxic but equally effective steroid regimens and to identify the infants for whom the benefits of treatment clearly exceed the risks. 11, 17, 47, 48, 49, 50 Recent attempts to uncover a regimen that was effective and safe have been largely unsuccessful with three large randomized trials of low dose (0.15 mg/kg/day) dexamethasone 24 and hydrocortisone in doses of 1 mg/kg/day 23 52 The combination of indomethacin and dexamethasone has been shown to deplete endothelial and inducible nitric oxide synthase in the intestinal submucosa in vitro, thereby leading to diminished blood flow and intestinal perforation. 53 None of these trials demonstrated a reduction in rates of BPD. This may have been a result of reduced power from premature study termination or from selection of steroid doses too low to suppress pulmonary inflammation adequately.
Several key points can be surmised from these trials: 1) Steroid therapy in the first week of life clearly has an unfavorable risk/benefit profile and therefore should be prohibited.
2) The concurrent use of indomethacin and steroids should also be avoided, 3) Outside of intestinal perforation, hydrocortisone therapy in the doses prescribed did not result in adverse effects typically associated with dexamethasone therapy, and 4)) Hydrocortisone in doses ≤ 2 mg/kg/day may not provide adequate anti-inflammatory activity to demonstrate modest reductions in BPD rates. Multiple proinflammatory cytokines such as interleukin (IL)-8 and transforming growth factor-β and chemotactic factors such as macrophage inflammatory protein-1 are present in the air spaces of ventilated preterm infants. These factors are found in higher concentrations whereas anti-inflammatory cytokines such as IL-10 are significantly reduced in infants who subsequently develop BPD. 54 This pro-inflammatory environment likely interferes with alveolar development as seen more commonly in very preterm infants in the post-surfactant era with the "new" form of BPD. 55 Higher doses have been associated with reduced need for extra oxygen in a small uncontrolled cohort of preterm infants treated with 5 mg/kg/day of hydrocortisone tapered over 22 days. 26 No short-term adverse effects typically seen with dexamethasone therapy were encountered with hydrocortisone treatment and no differences were found in neurodevelopmental outcome at 5 to 7 years as compared to a matched untreated cohort. In a different cohort of 60 preterm infants, 25 of whom were treated with a tapering course of hydrocortisone (5mg/kg/day for 33 median days), no differences were noted in the two groups at 8 years of age in relation to brain volumes on volumetric MRI or functional deficits as measured by standardized neurocognitive tests. 56 These reports all suggest that doses higher than 2 mg/kg/day are likely needed to control the inflammation associated with progressive BPD and that doses as high as 5 mg/kg/day may have beneficial pulmonary effects without any overt neurodevelopmental toxicity. These hypotheses are best tested in a well-conducted randomized trial with adequate measurement of early neurodevelopmental and pulmonary benefits as well as toxicity.
We hypothesized that hydrocortisone administration at a starting dose of 3 mg/kg/day tapered over 7 days (to ventilator-dependent high-risk ELBW infants) will improve total cerebral volume as measured by volumetric MRI by ameliorating pro-inflammatory cytokine mediated pulmonary and CNS injury. This dose is 2-3 times the basal production rate of cortisol and has been chosen as a "stress" dose with anti-inflammatory effects. This dose amounts to a cumulative exposure of 17 mg/kg of hydrocortisone. This is 3.5 mg/kg higher than the dose used in the Watterberg Trial. 23 An additional neurologic benefit of early treatment with hydrocortisone treatment at two weeks of age is that treated infants might be less likely to progress to severe BPD and receive higher dose dexamethasone treatment. Such treatment may be neurotoxic not only because of the high dose but also presence of sulfite preservatives. For these reasons, we hypothesized that amelioration of BPD with hydrocortisone could ultimately improve rather than compromise long-term neurosensory outcomes in these infants. Before such a hypothesis is tested in a large-scale fashion, it is important to establish in a small cohort of ELBW infants the short-term therapeutic and adverse effects of such an approach. The measurement of total cerebral tissue by quantitative volumetric MRI may give us an early indication of therapeutic benefit or potential adverse effects of this previously unstudied hydrocortisone regimen.
STUDY DESIGN
This will be a single-center, phase II, randomized placebo-controlled, double-blinded trial with an intention-to-treat analysis comparing the 7 days of hydrocortisone (tapering dose of 3 mg/kg/day divided q 12 hours IV) to saline placebo administered between 10 and 24 days of life to a small group of ventilated ELBW infants (22 in each group) at high-risk for developing BPD. Consented eligible infants will be assigned randomly to receive either intravenous hydrocortisone or identical appearing saline placebo by a research pharmacist not involved in the patient's care or study recruitment. The clinical team, bedside nurses, and respiratory therapists will all be blinded to the treatment assignment. The only other changes to care of enrolled infants related to restrictions on the use of indomethacin for closure of patent ductus arteriosus and dexamethasone for BPD therapy. Due to concern for intestinal perforation, administration of indomethacin will be prohibited during the intervention period. Use of dexamethasone prior to 38 weeks PMA will be regulated and restricted to those infants older than 28 days of age on very high ventilator support (defined in more detail in section 5.3) and in doses of no greater than 0.2 mg/kg/day tapering doses for 7 days maximum. There will be no additional deviation from routine care and no laboratory evaluations required for study purposes only.
The primary outcome will be total cerebral tissue volume as measured by volumetric MRI at 38 weeks PMA. Our principal secondary outcome will be neurosensory impairments, including cognitive delay, cerebral palsy, deafness, and blindness at 18 to 22 months adjusted age. Additional outcomes to be evaluated include, death or disability, regional brain volumes, duration of mechanical ventilation, duration of oxygen (O 2 ) requirement, diagnosis of BPD (as assessed by O 2 therapy at 36 weeks PMA plus total O 2 duration ≥ 28 days with classification of severity) and survival free of BPD. Assessment of primary and secondary outcomes will be done in a blinded fashion. Neuroradiologists reading the MRIs, which are done already for clinical purposes in all ELBW infants, will be unaware of group assignment. Two of the investigators (NAP and REL) will do the quantitative MRI analysis also without knowledge of group assignment. Neurodevelopmental assessment at 18 to 22 months will be performed according to the NICHD Neonatal Research Network protocol with full masking of clinical history, cranial ultrasound findings, MRI findings, and study group assignment.
SELECTION AND ENROLLMENT OF SUBJECTS
In order to be randomized, an infant must meet all of the inclusion criteria and none of the exclusion criteria outlined below. Informed parental consent must be obtained prior to randomization. Selection of a group of neonates at high risk for development of BPD appears critical in maximizing the benefit to risk ratio. 16 We elected to use a RIS cutoff based on work done by Papile and colleagues in a large cohort of very preterm infants 57 and validated in a NICHD Neonatal Network randomized trial of dexamethasone-treated preterm infants. 44 They demonstrated that a RIS > 2.4 in ventilated preterm infants on day of life 14 predicts BPD in 66% and death or BPD in 78% of such infants. We further validated this cut-off value in a cohort of ELBW infants cared for at MHCH. Over a 4 year period, from 1/1/1998 to 12/31/2001 there were 400 ELBW infants cared for at MHCH; 225 were still alive and on the ventilator at 14 days of life. Of the 225 ventilated babies, 206 (92%) had a RIS of ≥ 2.4. Of these 206 ELBW infants, 69.4% developed BPD (O2 requirement at 36 weeks PMA) and 86.9% had BPD or died before hospital discharge. In order to maximize enrollment, we chose a lower cut-off value of RIS (≥ 2.0) as this marker of illness predicted development of BPD (69.3%) or death/BPD (86.3%) comparably to an RIS of ≥2.4. *The initial enrollment time period was 14 days, however 10 days of life is likely a better initial time point for recruitment for the following reasons: as the inflammation often begins in-utero in infants destined to develop bronchopulmonary dysplasia (BPD), initiating anti-inflammatory therapy such as hydrocortisone at an earlier time point may prevent additional damage to the developing lung. Meta-analysis of all steroid randomized trials has demonstrated that dexamethasone therapy initiated between 7 to 14 days of life leads to a greater BPD risk reduction (RR=0.62) as compared to therapy after 21 days of life. 40, 41 Infants that later develop BPD often present with severe lung disease within the first week to two weeks of life as manifested by significant ventilator and oxygen dependence. Moving the target enrollment window to 10 days will allow us to target this population of infants and ideally prevent damaging fibrotic changes in the lung. The final enrollment time period will remain at 21 days of life. 4.2.6 Gestational age <23 weeks.
4.3
Study Enrollment Procedures 4.3.1 Initial Screening: All new admissions to the MHCH NICU are already screened daily by a research nurse for the Volumetric MRI study (Specific Aim 1) to identify any ELBW infants. From this weekly updated list of candidates, the study coordinator and principal investigator will screen all infants that do not meet exclusion criteria. Between 10 and 21 days of life, these infants will be monitored daily for eligibility based on ventilator dependence and qualifying RIS. All attending neonatologists and unit respiratory therapists will be notified as well to identify eligible babies. An Eligibility Form will be completed for all ELBW infants that are admitted to the MHCH NICU during the enrollment period. Reasons for ineligibility will be documented clearly. If the infant is eligible, but not enrolled, reasons for nonparticipation will also need to be outlined in the form and the principal investigator notified immediately.
4.3.2
The study will not begin until IRB and NINDS approval are obtained. Written informed consent will be obtained from the infants' parents or legal guardians before the infant is eligible for enrollment in the study. The principal investigator or study coordinator (if principal investigator is treating physician) will obtain all informed consents. A sample informed consent form is included in Appendix I of this manual.
4.3.3
Once consent is obtained, the principal investigator or study coordinator will call the research pharmacist for group assignment. A research pharmacist not involved in the patient's care or study recruitment will randomly assign using sequentially numbered opaque sealed envelopes to receive either intravenous hydrocortisone or intravenous saline placebo based on the patient's weight measured that day. Randomization will be blocked and stratified by BW (≤ or >750 g) and by severity of lung disease (RIS 2.0 to 4 or > 4).
STUDY INTERVENTIONS
5.1
Interventions, Administration, and Duration
Randomized intervention
Hydrocortisone group: Hydrocortisone sodium succinate 1.5 mg/kg/dose q 12 hours (dexamethasone equivalent = 0.075 mg/kg/day) for days 1-4 followed by 1 mg/kg/dose days 5-6 and 0.5 mg/kg/dose on day 7, administered intravenously (IV).
Placebo group: Saline placebo (in equivalent volumes and identical color to hydrocortisone) q 12 hours for 7 days administered IV. 10/20/05
All study medication will be preservatives-free. For those infants on full feedings without an IV, one will be attempted. If an IV is not secured after three attempts, hydrocortisone or equivalent volume of saline placebo will be administered orally. All enrolled subjects will be treated in the neonatal ICU of MHCH. Although we do not anticipate any significant adverse events, based on previous studies with hydrocortisone, should adverse events occur, such as infections or hypertension, treatment will be at the discretion of the attending Neonatologist.
5.2
Concomitant Interventions
The treating physician has the option of withholding the study drug for up to 72 hours if an infant undergoes a sepsis evaluation or after consultation with the principal investigator, discontinuing it if the infant's clinical condition worsened. After the study period, corticosteroid use will be standardized. Our current nursery practice is to administer a 7-day weaning course of dexamethasone (0.5 mg/kg/day maximum starting dose) for infants with severe BPD causing respiratory failure. Since there is evidence and consensus that dexamethasone can improve respiratory function in infants with BPD. 45, 58 withholding "rescue" steroid therapy from infants with severe respiratory failure likely to die from BPD is deemed to be unethical by many neonatologists. We will therefore allow its use in both our treatment arms when infants progress to severe BPD. However, to standardize its use and maintain consistency with recommended guidelines and current nursery practice, we will limit consideration of dexamethasone treatment to study infants ≥ 28 days of age. Additionally, the following respiratory failure criteria will need to be met: RIS > 10 for at least 24 hours (predicted 1 year mortality 38.5% for all 400 ELBW infants cared for at Hermann Hospital between January 1998 and December 2001-data derived from NICU Database). Clinicians will be encouraged to use lower doses of dexamethasone so as to minimize adverse effects of this potent medication.
The maximum dose and duration of dexamethasone (or equivalent dose of another corticosteroid) permitted for trial participants will be as follows: 0.2 mg/kg/day x 3 days, followed by 0.1 mg/kg/day for the next 4 days. All doses are divided q 12h and given IV or PO. This dose has been shown to be comparable to the more commonly used 0.5 mg/kg/day dose in improving respiratory parameters. 37 If relatively early treatment with hydrocortisone is effective in reducing the severity of BPD, fewer infants in the hydrocortisone group will receive "rescue" corticosteroids as compared to infants in the control group (and as compared to similar non-study infants).
During study drug administration clinicians will be encouraged to closely follow respiratory status, including chest wall rise, tidal volumes, oxygen saturations, chest x-rays and blood gases and provide appropriate pressures and oxygen as is done commonly for all ventilated infants. All study infants will otherwise be managed according to nursery routines for ELBW infants. The current nursery practice is to maintain oxygen saturation in the 85-95% range. This practice was recently modified based on studies suggesting that higher O 2 saturation ranges might cause worse lung disease 59 and do not result in better neurologic outcomes. 60 Serum PaCO 2 values >50 are allowed if a pH >7.20-7.25 is maintained. 61 Blood glucose monitoring is generally done every morning with daily electrolyte checks as part of routine care for ill infants. Blood pressure monitoring is done every 4-6 hours in the NICU as per routine for all sick patients. Blood glucose monitoring is generally done every morning with daily electrolyte checks as part of routine care for ill infants; if serum or bedside glucose monitoring is not being performed for clinical purposes, we will recommend a bedside glucose test once a day while the patient is receiving the study intervention. Screening for intracranial hemorrhage and white matter injury with cranial US is performed at a minimum once at 10-14 days for all ELBW infants.
5.3
Adherence Assessment
Compliance should not be an issue in our population of newborn infants; however our research nurses will record the number of formulations of the study drug that were administered. Protocol violations will be recorded and the principal investigator will be notified immediately. After the study code is broken, correct assignment of hydrocortisone and placebo per randomization assignment will also be assessed.
CLINICAL AND LABORATORY EVALUATIONS
The study does not require any laboratory or clinical investigations which are not already part of routine care. The study coordinator will follow enrolled patients daily while they are receiving the study drug and for an additional 3 days thereafter. During this 10 day period, daily blood gases, glucose levels, systolic and mean blood pressure, and ventilator settings (PIP, PEEP, Ti, IMV, FiO 2 ) will be recorded. Medication logs will be checked to ensure twice daily administration of study drug and route of administration. Any adverse events noted in the nursing or physician records will be recorded and the principal investigator notified. All brain MRIs in ELBW infants performed at 38 weeks PMA are already being transferred (as part of the Volumetric MRI Study-Aim 1 of K23 grant) to a workstation in the principal investigator's lab for post-image processing to generate 3-D volumes.
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MANAGEMENT OF ADVERSE EXPERIENCES Based on the three randomized studies and one uncontrolled study discussed earlier, 22, 23, 26, 51 it is evident that hydrocortisone administration results in far fewer adverse events as compared to dexamethasone administration in this population of ELBW infants. Nonetheless, strict precautions are in place to detect all adverse events and respond appropriately if and when side-effects occur:
1. Gastrointestinal bleeding/gastritis -This adverse event has not been noted in hydrocortisone treated infants. The research nurse will document daily any occurrence of GI bleeding/gastritis. Management will be per discretion of the clinical team. GI bleeding/gastritis in dexamethasone trials generally has been limited to a small amount of bleeding that has not been profound enough to result in study drug discontinuation.
2. Hyperglycemia -Hyperglycemia or insulin therapy for hyperglycemia has not been noted with increased frequency as compared to placebo treated patients in the four trials mentioned earlier, including the trial which used 5 mg/kg/day of hydrocortisone. Daily blood glucose monitoring that occurs for clinical purposes in most infants in our nursery at 2-3 weeks of life will provide monitoring for this potential adverse event. If hyperglycemia does occur, therapy with insulin will be up to the discretion of the clinical team. The research nurse will document the daily blood glucoses for all enrolled infants.
3. Hypertension -Cuff blood pressure will be monitored every 4 hours while the patient is receiving the study drug and recorded daily by a research nurse. If the systolic blood pressure (SBP) if between 2 and 3 standard deviations (SD) for age for >24 hours, the dose of the medication will be reduced in half and the BP will be monitored more frequently. If the blood pressure remains elevated, the study drug will be discontinued. For infants will SBP > 3 SD for >24 hours, the study drug will be discontinued. Increased risk of hypertension has not been noted in any of the hydrocortisone studies mentioned earlier.
Treatment for persistent elevation of BP will be at the discretion of the attending Neonatologist however the following proposed treatment regimen will be suggested*:
• If SBP is between 2 and 3 SD for age for > 24 hours, treat with an initial dose of Hydralazine 0.1 mg/kg/dose IV q 8 hours and titrate up as needed until the SBP is < 2 SD for age.
• If SBP > 3 SD for age for > 24 hours, initiate Hydralazine at 0.3 mg/kg/dose IV q 8h
and titrated up as needed until SBP is < 2 SD for age. *The maximum dose for Hydralazine should not exceed 2 mg/kg/dose. Once the SBP is < 2 SD Hydralazine administration should be made prn for SBPs > 2 SD only.
4. Infections -Patients are already monitored closely by the clinical team for increased risk of infections as this is a high-risk population for infections as it is. A research nurse will monitor and document the progress of all infants daily while receiving the intervention. If an infant is suspected to have a clinical infection/sepsis, it is up to the discretion of the attending Neonatogist if they want to discontinue the study drug. Increased risk of infections has not been noted in any of the hydrocortisone studies mentioned earlier.
Intestinal perforation or necrotizing enterocolitis (NEC) -If a patient is suspected of
having an intestinal perforation, a stat KUB and left lateral decubitus X-ray of the abdomen will be performed to rule out free air. In the presence of free air, the study drug will be discontinued immediately, and the surgeon notified stat. Within 24 hours, the principal investigator will also notify the UT-Houston IRB and GCRC, as well as the study IMM and NINDS. If medical NEC is suspected, the study drug may be discontinued by the attending Neonatologist if they so choose. Increased risk of NEC has not been reported with hydrocortisone administration. As discussed earlier, although intestinal perforations have been noted with increased frequency in hydrocortisone treated preterm infants, this risk was primarily seen in infants also concurrently treated with indomethacin primarily within the first week of life. By initiating hydrocortisone after 2 weeks of life and restricting the use indomethacin, we do not anticipate an increased risk on intestinal perforations for subjects enrolled in this trial. 52 
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CRITERIA FOR INTERVENTION DISCONTINUATION
The study drug will be discontinued for the following reasons only: 1. Persistent hypertension as defined earlier in section 7. 2. Intestinal perforation. 3. A hemodynamically significant PDA causing left heart failure that requires immediate indomethacin therapy per attending Neonatologist. 4. Attending Neonatologist request if patient develops an infection or NEC. 5. Parental wish to withdrawal their infant from the study.
All subjects that have been withdrawn for any reason will still be followed to 18 to 22 months adjusted age for neurodevelopmental and general health assessment. Irrespective of weather treatment was completed, these infants will still be analyzed in their own randomized group.
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STATISTICAL CONSIDERATIONS
9.1
General Design Issues
This will be a single-center, phase II, randomized placebo-controlled, double-blinded trial with an intention-to-treat analysis comparing the 7 days of hydrocortisone to saline placebo administered between 10 and 21 days of life to a small group of ventilated ELBW infants (22 in each group) at high-risk for developing BPD. We hypothesized that among ELBW infants at high risk for BPD and neurologic impairments, those infants randomized to seven days of hydrocortisone will demonstrate increased total cerebral tissue volumes as compared to infants randomized to placebo. We further hypothesize that hydrocortisone treatment will result in a decreased risk of neurosensory impairments as measured by standardized blinded examiners at 18 to 22 months corrected age. Measurement of total and regional cerebral volumes will be done by manual and semi-automated segmentation of 3-D MRI images performed at 38 weeks PMA while masked to treatment assignment, study data, and results of previous neuroimaging findings. We have already developed a standardized validated method for measuring 3-D brain volumes. 36, 62 Measurement of neurosensory impairments, including cerebral palsy, cognitive impairments, and hearing and vision deficits is already done in a standardized and validated fashion in our high-risk clinic while fully masked to clinical history, neuroimaging findings, and study group assignment; we are one of the 16 NICHD Neonatal Research Network centers that follow all ELBW infants and tests their neurodevelopmental status at 18 to 22 months corrected age. The length of follow-up was in part chosen by this already offered service. Ideally if we obtain further funding we will seek to follow these infants to at least 5 years of age to improve our ability to detect meaningful differences in neurocognitive outcomes.
Stratification by birth weight (BW ≤750g and BW>750 -1000g) and degree of lung disease (RIS score 2 to 4 and RIS score >4) because these factors are clearly confounders that can significantly alter the relationship of treatment assignment to our chosen outcomes. Therefore to minimize group imbalance, we have chosen to stratify our two study groups into these 4 strata.
Outcomes
Primary outcome
The total cerebral tissue volume (combined gray and white matter, no CSF) as measured by volumetric MRI at 38 weeks PMA.
Secondary outcomes
a. Neurologic 1) Neurosensory impairments at 18-22 months adjusted age (defined below); 2) Cerebellar volume; 3) Subcortical gray matter; 4) Total gray matter; 5) Total white matter; 6) Total cortical surface area and complexity; 63 c. Other 1) Death or neurosensory impairment at 18-22 months adjusted age; 2) Growth as assessed by weight and head circumference at 38 weeks PMA; 3) Bacteremia > 48 hours after randomization as defined by a positive blood culture treated with antibiotics for at least 7 days; and 4) Sepsis as defined by a positive blood culture, CSF culture, and/or strong suspicion of infection per clinical team resulting in antibiotic treatment for minimum of 7 days.
Sample Size and Accrual
We will test the primary hypothesis by comparing the total cerebral tissue volumes (combination of total gray and white matter) in the hydrocortisone treated and placebo treated study groups. In the non-randomized cohort study by Murphy et al, 34 the total cerebral tissue volume was 312 ± 44 mL in the dexamethasone group and 448 ± 50 mL in the non-dexamethasone group, corresponding to a 6-week delay in cerebral growth. Because this was a non-randomized study with sicker and smaller babies in the dexamethasone group as compared to the unmatched comparison group, we are proposing that two-thirds (67%) of the effect size in this study was explained by the effects of BPD (a known independent risk factor for cognitive and motor delays) or other confounding group differences and one-third (33%) of the difference was the result of adverse neurotoxic effects of dexamethasone. Using this estimation, the total cerebral tissue volume at term PMA for a premature infant with BPD untreated with dexamethasone should approximate 357 mL, equivalent to a 4-week delay in cerebral growth. We are powering our study to detect a 2 week difference (43 mL) in total cerebral tissue sparing effect in hydrocortisone treated infants with evolving BPD over similar placebo treated infants. This will allow for a conservative estimate of sample size that will still be powered to test our primary hypothesis despite likely dexamethasone use in groups.
Assuming a type I error of 0.05 and a known estimated standard deviation of 50 mL, we would need 22 premature infants with evolving BPD in each group to achieve 80% power to detect a 43 mL difference in total cerebral tissue volumes between the two treatment groups using a two-sided test. (Note: The estimated sample size does not change despite one interim look halfway into enrollment -tested using the O'Brien-Fleming spending function in NCSS). In this very preterm cohort of ELBW infants, we estimate an approximately 20% mortality rate prior to primary outcome determination at 38 weeks PMA. We will therefore need to enroll 28-30 infants per group (22/0.8) to determine the primary outcome in at least 22 infants. Over a 4 year period, from 1/1/1998 to 10/20/05 12/31/2001 there were 400 ELBW infants cared for at MHCH; 212 (53%) were still alive and on the ventilator at 14 days of life with a RIS of ≥ 2.0.
In 2004, 129 ELBW infants were admitted to Memorial Hermann Children's Hospital's NICU (only one infant < 23 weeks gestational age). Based on our own institution's data, from 1998-2001, 53% of all ELBW infants are ventilator treated at 14 days after birth with a respiratory index score of ≥ 2.0 (see Sample size estimation section of protocol for more details). We estimate another 7% will become ventilator dependent between 15 and 21 days of life. That would give us an eligible pool of 77 ELBW infants (129 x 0.6). The percentage that would meet criteria for exclusion from our study is likely to be no greater than 30%. That would result in an annual enrollment rate of 54 eligible infants (77 x 0.7). Even with a more conservative estimate of 40%, we would still enroll 46 study patients annually (77 x 0.6). Given a 20% mortality rate prior to primary outcome determination at 38 weeks PMA, we will therefore need to enroll 28-30 infants per group (22/0.8) to determine the primary outcome in at least 22 infants. Therefore, based on our estimate of percent exclusion rate, enrollment should be complete within 13 to 16 months. Even if our estimates are conservative and enrollment takes longer, it will still be within the timeframe of the K23 grant. We recognize that this sample size will not provide adequate power to meaningfully assess the secondary outcomes. But information on these secondary outcomes will be useful for planning future studies and could be combined with data from future studies in meta-analyses.
Data Monitoring
Based on our high-risk population, the low risk nature of our intervention, and NINDS Guidelines on Data and Safety Monitoring, we have chosen an Independent Medical Monitor (IMM; pending NINDS approval), Dr. Waldemar Carlo, of the University of Alabama (contact information below). Dr. Carlo is an experienced researcher and international authority in the field of neonatal lung diseases.
Dr. Carlo will receive a study update from the principal investigator on a quarterly basis, including the number of subjects screened and enrolled, drop-outs, all adverse events, and primary and secondary efficacy endpoints achieved. For unexpected serious adverse events (i.e., intestinal perforations) you will be notified within 24 hours. At each monitoring interval, Dr. Carlo will update Dr. Hirtz, the NINDS Program Director that he has reviewed the ongoing study activities with emphasis on data integrity, protocol adherence and enrolled participant safety issues. This will especially include the review of adverse events and reasons for losses to follow-up, raising any concerns or issues with the NINDS and the principal investigator.
There will be a blinded interim analysis of all the data halfway into enrollment (total of 28 patients). If in Dr. Carlo's opinion there are significant concerns regarding drug safety, he will select two additional faculty members with expertise in neonatal lung disease and analysis of clinical trials to assist him in making a recommendation as to the continuation, modification, or conclusion of the trial. There will be no separate monitoring considerations for each stratum of the study population due to the small sample anticipated in each stratum (<8 infants per stratum for each study group). Due to the small size of our trial it is highly unlikely that a significant benefit or harm will be detected with only 28 infants and therefore no stopping rules are being defined apriori. 
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Data Analyses
An intention-to-treat analysis will be performed. The primary analysis of total absolute cerebral tissue volume will be an analysis of covariance (ANCOVA) adjusting for PMA at assessment. An analysis of standardized brain volume (e.g., the total cerebral tissue volume divided by the total intracranial volume) will also be performed to adjust for differences in cranial size. The distributions of potentially important confounding variables at baseline (BW, GA, gender, race, antenatal steroids, Apgar scores) will be compared in the two groups using 2-sample t-tests or Wilcoxon-Mann-Whitney tests for continuous outcomes and Chi-squared or Fisher's exact tests for categorical outcomes. If differences exist, secondary analyses using multiple regression models will be performed to adjust for these differences. Since BW and degree of respiratory illness are potential confounders, the planned stratification at study entry should balance out the two groups in relation to these two covariates. Dexamethasone therapy will not be considered as a confounder because a reduction in its use could be part of the causal chain by which hydrocortisone results in better brain volumes. Consistent results from the adjusted and unadjusted analyses will support the study conclusions. Secondary outcomes will be assessed using T-tests or rank order tests to test the secondary hypotheses for continuous dependent variables, Chi-square tests or Fisher exact tests for categorical variables or Kaplan Meier analysis for time to event outcomes (e.g., survival free of BPD). If confounding variables are identified based on group differences at baseline, secondary analyses will be performed using linear regression for continuous outcomes, logistic regression for categorical outcomes, or Cox proportional hazards regression for time to event outcomes. A beneficial or detrimental effect of hydrocortisone based on gender or racial/ethnic subgroups has note been observed in previous trials and therefore a subgroup analysis is not planned.
The occurrence of premature deaths prior to primary outcome assessment at 38 weeks and secondary outcome assessment at 18 to 22 months is an unfortunate reality in this high-risk population of infants. Several approaches can be adopted to statistically deal with this problem. One could exclude these infants from all analyses and perform analyses only on survivors that have measured outcomes to analyze. This could be problematic however, if intervention influences mortality and there are significant differences in survival between the groups. In such a situation, assigning the worst outcome to those that die may be an acceptable solution. For example, all infants that die after discharge home but before 18 to 22 months neurosensory assessment can be assumed to have neurosensory impairment and assigned this poor outcome. This approach would allow us to potentially preserve informative data.
Poor follow-up rates can also lead to missing data and result in unreliable results. Extensive effort and expense is devoted to ensuring excellent follow-up rates in our high-risk clinic. Our clinic physicians and follow-up coordinators, in addition to establishing strong relationships with the families of ELBW infants, take extra measures such as frequent telephone contacts and in-home visits when necessary to ensure adequate follow-up of these high-risk infants. Despite having a large population of ELBW infants, our center has annually consistently followed up greater than 80-90% of survivors at 18 to 22 months adjusted age. Due to recent efforts initiated by the principal investigator to further increase the frequency of contacts and follow-up services to our ELBW infants, we are expecting a 100% follow-up rate for infants enrolled in the Hydrocortisone Trial.
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DATA COLLECTION, MONITORING, AND ADVERSE EXPERIENCE REPORTING
Records to Be Kept
Data collection will be minimized to relevant information necessary in determining safety and efficacy as defined by our primary and secondary end-points and protocol adherence. If additional information is required later, it will be extracted for the NICHD network GDB data forms collected on all ELBW infants at center. Patient confidentiality will be maintained throughout the study. Access of the clinical information and MRI images will be limited to the four investigators, a research nurse and a research technician. Once clinical information and MRI images of the brain are obtained and linked for the study individuals, a unique study identifier will be assigned to each patient to replace all unique identifiers. Prior to de-identification, data will be stored in password-protected files on a PC hard drive in a locked office. No portable devices will be used. When storage space on a secure university server is made available, data will be stored there instead of on the local hard drive. Protected information will be stored securely and then removed from the data files as soon as feasible.
Role of Data Management
The principal investigator is responsible for the following data collection and management activities:1) Developing, printing and distributing the data collection forms, including periodic updates as necessary; 2) Setting up a Microsoft Access TM database, ensuring that data are correct and complete by implementing editing and auditing procedures; 3) Monitoring the progress and quality of the study; 4) Reporting adverse events promptly to the IMM, IRB, NINDS, and GCRC; 5) Provide study updates to the IMM on a quarterly basis and the IRB, GCRC, and NINDS on an annual basis; 6) Perform all data analysis; and 7) Assuring patient confidentiality.
The research coordinator is responsible for the following data collection and management activities: 1) Collecting and entering all required data in a timely and accurate manner; 2) Maintain confidentiality with patient health data; and 3) Notifying the principal investigator promptly when adverse events occur.
Adverse Experience Reporting
Adverse events are to be recorded on the Adverse Event Form (see Appendix II) and reported to the principal investigator, Dr. Parikh immediately. Serious adverse events will be communicated to the local IRB and study IMM within 24 hours. Reporting of all other adverse events will take place within 5 days to the IRB and on a quarterly basis to the study IMM, unless many adverse events are noted or the IRB stipulates a more frequent interval of adverse event data analysis. Additional details on the definition of the adverse events will be provided separately.
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HUMAN SUBJECTS
Institutional Review Board (IRB) Review and Informed Consent
This protocol and the informed consent document (Appendix I) and any subsequent modifications have been reviewed and approved by the UT-Houston IRB. A signed consent form will be obtained from a parent or legal guardian. The consent form describes the purpose of the study, the procedures to be followed, and the risks and benefits of participation. A copy of the consent form will be given to the subject, parent, or legal guardian, and this fact will be documented in the subject's record.
Subject Confidentiality
All laboratory specimens, evaluation forms, reports, video recordings, and other records that leave the site will be identified only by the Study Identification Number (SID) to maintain subject confidentiality. All records will be kept in a locked file cabinet. All computer entry and networking programs will be done using SIDs only. Clinical information will not be released without written permission of the subject, except as necessary for monitoring by IRB, the GCRC, the study IMM, and the NINDS.
Study Modification/Discontinuation
The study may be modified or discontinued at any time by the IRB, the NINDS, the study IMM, the OHRP, the FDA, or other government agencies as part of their duties to ensure that research subjects are protected.
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PUBLICATION OF RESEARCH FINDINGS
Publication of the results of this trial will be governed by the policies and procedures developed by the Study Committee. Any presentation, abstract, or manuscript will be made available for review by the sponsor and the NINDS prior to submission. You should understand enough about the risks and benefits of this study to make an informed decision on enrolling your baby. Your decision to take part is voluntary and you may refuse to take part, or choose to stop taking part, at any time. A decision not to take part, or to stop being a part of the research project will not change the services that your baby receives from the hospital and its doctors.
This consent form gives information about the research study which will be discussed with you in greater detail. Once you understand the study, you will be asked to sign this form if you want your baby to take part in this study. RESEARCH PURPOSE: The purpose of this study is to assess the effects of lung disease prevention by using a drug called hydrocortisone by measuring brain volumes of enrolled infants prior to discharge home. Your premature baby needs a breathing machine and extra oxygen due to underdeveloped lungs resulting from early birth. Compared to other premature babies not requiring a breathing machine, your baby is at a higher risk of remaining on the breathing machine and extra oxygen for a long time. Babies that require a breathing machine and extra oxygen for several weeks develop injured lungs that put them at higher risk for increased infections, poor growth, abnormal muscle tone, and abnormal brain development, as they get older.
Although your baby is at higher risk, it is not certain that your baby will have these problems.
Dexamethasone, a steroid medication reduces the risk of such problems by stopping some of the harmful lung injury. We no longer use this medication often due to the many side-effects we now know it causes, such as abnormal muscle and brain development. Only those babies that are older and very sick (more severe than your baby's condition) are treated with dexamethasone. At present, there are no therapies for this problem early in life.
The doctors at Memorial Hermann Children's Hospital are taking part in a study to see if earlier use of a less powerful steroid medicine called hydrocortisone will also help stop lung injury but cause less harm that the stronger dexamethasone. A medicine that has no side-effects on the brain and improves lung disease should allow babies and their underdeveloped brains to grow better and offer greater chances of developing normally as they get older. This study therefore will compare the effects of hydrocortisone to infants untreated with any similar medications.
RESEARCH PROCEDURES: If you agree to have your baby take part in this study, he/she will be randomly chosen (like the flip of a coin) to receive hydrocortisone or a saline placebo (salt water). This will be given into the stomach through a feeding tube already in place for babies on full feedings, or into your baby's veins through an already existing catheter. In order to obtain the most accurate results, the research pharmacist will be the only person with knowledge of which babies received hydrocortisone and which ones received the saline placebo. The medication or saline placebo will be given two times a day, for a total of 7 days. Throughout the study period and until hospital discharge, your baby will be monitored closely, similar to other babies in the intensive care nursery.
As part of routine care, a magnetic resonance imaging (MRI) scan of the brain, a specialized study that takes detailed pictures of the brain, is done on all very preterm babies for clinical purposes whether or not they are part this study. This routine MRI will be obtained by the study investigators to further evaluate the effects of hydrocortisone on the size of the brain. After your baby is discharged from the hospital, he/she will be seen in the follow-up clinic at 18 months after discharge, as part of routine care offered to all very premature babies to evaluate their motor and brain function. The clinic visit will include an interview, a physical examination, and a test that will check your baby's brain and motor development. TIME COMMITMENT: Agreement to take part in this study should not increase the time you need to devote to your baby's care. The main difference in care your baby will receive will be receiving the study drug by a nurse for seven days. This will not increase the total hospital stay for your baby. We routinely follow all premature babies like yours for up to 18 months after dis-charge in our High-Risk Follow-up Clinic for clinical purposes. You will need to maintain appointments for follow-up of your baby until at least 18 months after discharge so we can see how your baby's brain and lung function developed after taking part in this study.
POSSIBLE BENEFITS: Your baby may receive no direct benefit from being in this study; however, by allowing your infant to take part in the study it may help other infants get better care in Treatment after the first week of life in higher risk infants, such as in this trial, has not been shown to increase rates of delayed brain development. There also may be risks involved that are not known to researchers at this time.
ALTERNATIVES: You may select other options than agreeing to enroll your baby in this research study. If you choose not to take part, your baby's doctor will ultimately decide if and when steroids are appropriate treatment for your baby.
STUDY WITHDRAWAL: You may take your baby out of this study at any time. If you decide to do this, your baby will continue to receive the same care he/she would if they were never in the study. The hospital and your doctor will continue to provide treatment with oxygen, breathing machine support and other medications as needed.
CONFIDENTIALITY: Information about what the doctors learn from this study may be published or given to other people doing research, but neither your name nor your baby's name will be used. The data collected in this study may be submitted to the National Institutes of Health which is sponsoring this study. You or your baby will not be personally identified in any reports or medical articles that may result from this study. Any personal information gathered on you or your baby as part of this study will be part of his/her medical record and will otherwise be kept confidential. A special number will be used to identify your baby in the study and only the investigator at Memorial Hermann Children's hospital will know his/her name.
FINANCIAL COSTS: You will not receive payment for taking part in this study nor is there a cost to you for taking part in this study. Your insurance company, another third party payer, or you will be responsible for payment for treatments that are considered "routine care". "Routine care" means treatments your baby would receive even if he/she were not taking part in this research study, such as medications, diagnostic studies, and follow-up visits.
IN CASE OF INJURY:
If an injury occurs, you will report this injury to the principal investigator, By signing this paper, you are saying that you have read it, understand it, and that you agree for your baby to take part in this study. In the judgment of the principal investigator, should the study protocol be changed as a result of this AE?
Yes -> Include change request for amendment to protocol.
No -> Justify why amendment to protocol is not necessary:
In the judgment of the principal investigator, should the currently approved informed consent form be revised as a result of this adverse event?
Yes -> Attach a copy of the new form for review and approval.
No -> Justify why changes to ICF are not necessary:
In the judgment of the principal investigator, should currently enrolled subjects be notified of this event and/or be reconsented?
Yes -> Attach method and details of contact/re-consent.
No -> Include justification as to why subjects do not have to be notified: 
Statement of Principal
Magnetic Resonance Imaging Protocol
As per the nursery routine, an anatomical MRI will be routinely obtained at 38 weeks PMA or, if discharged sooner, prior to discharge for all ELBW infants. If an MRI cannot be successfully performed at this time, a scan as close to this time as possible will be performed. Postmenstrual age will be determined as precisely as possible using the best obstetric estimate of GA at birth. The obstetric rather than pediatric estimate of GA is used because of evidence of both systemic and random error in pediatric estimates. 66 The neonatal brain has relatively higher water content as compared to children and adults. MRI sequences at MHCH have been specifically tailored for the neonate with higher T2 relaxation times with resultant improvements in signal to noise ratio. 67 , 68 ELBW infants are routinely imaged in a single scanner (GE LX) with a protocol that begins with a multi-planar localizer scan (estimated time ~1 minutes), followed by T1-weighted slices in all 3 planes (~6 min), coronal T2 slices (~ 2 min), T1-weighted 3D echo spoiled gradient (SPGR) multi-slice scan (~ 5 min), and finally, a double echo PD/T2 weighted Fast/Turbo spin echo scan (~ 3 min). The first scan is a quick scan to orient the subsequent scans and set parameters. The last three scans are critical for our proposal and will be used for the quantitative studies. If necessary, these three scans will be repeated until they are acquired satisfactorily to ensure reliable measurement. The PD/T2 weighted scan provides better resolution for quantitative studies in infants less than a year old. The table below has the acquisition details for the scans.
A single neuroradiologist will read all MRI scans for clinical evidence of CNS pathology. Definition of an abnormal brain scan has been standardized. Cerebral volumes will be generated utilizing advanced post acquisition techniques utilizing the Analyze software developed by Mayo Clinic (Biomedical Imaging Resource, Mayo Foundation, Rochester, Minn) and commercially available for research purposes. 69 Several different brain regions will be analyzed including sensory motor and mid-temporal cortex, cortical gray matter, subcortical gray matter, cerebellum, hippocampus, white matter, and cerebrospinal fluid. Absolute as well as standardized brain volumes (adjusted for PMA at MRI scan: adjusted for total intracranial volume) will be compared in the two groups. 
MRI Acquisition
